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Malaria and ﬁlariasis still continue to pose public health problems in developing countries
of the tropics. Although plans are in progress for the elimination of both these parasitic
vector borne diseases, we are now faced with a daunting challenge as we have a ﬁfth
species, Plasmodium knowlesi a simian malaria parasite affecting humans. Similarly in
peninsular Malaysia, ﬁlariasis was mainly due to Brugia malayi. However, we now see
cases of Wuchereria bancrofti in immigrant workers coming into the country. In order to
successfully eliminate both these diseases we need to know the vectors involved and
introduce appropriate control measures to prevent the diseases occurring in the future. As
for knowlesi malaria it is still uncertain if human to human transmission through mosquito
bites is occurring. However, P. knowlesi in human is not a rare occurrence anymore and
has all the characteristics of a pathogen spreading due to changes in the ecosystem, inter-
national travel, and cross border migration. This has created a more complex situation. In
order to overcome these challenges we need to revamp our control measures. This paper
reviews the vectors of malaria and ﬁlariasis in Southeast Asia with special emphasis on P.
knowlesi and W. bancrofti in Malaysia and their control strategies.
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INTRODUCTION
Malaria and ﬁlariasis are the two most important mosquito borne
parasitic diseases on a global scale. Currently about 40% of the
global population remains at risk of contracting malaria (Hay
and Snow, 2006) and 1000 million people in 80 countries are at
risk of contracting ﬁlariasis (Zagaria and Savioli, 2002). Besides
Africa, Asia contributes to a large number of cases (Bockarie et al.,
2009). In 1998 World Health Organization (WHO) embarked on
a program for global elimination of lymphatic ﬁlariasis and this
was followed by elimination of malaria program in 2006. This
review will be conﬁned mainly to Southeast Asia and with special
reference to Plasmodium knowlesi and Wuchereria bancrofti.
Human malaria has been known to be caused by four Plas-
modium species namely P. falciparum, P. vivax, P. malariae, and
P. ovale. However, of late P. knowlesi, a simian malaria parasite
is also affecting humans mainly in Southeast Asia region (Singh
et al., 2004; Cox-Singh et al., 2008;White, 2008;Galinski and Barn-
well, 2009). The ﬁrst case of P. knowlesi in human was reported in
an American surveyor who contracted the disease in the jungles
of Pahang in peninsular Malaysia in 1965 (Chin et al., 1965) and
subsequently the second suspected case of P. knowlesi was reported
from Johore (Fong et al., 1971). Extensive studies carried out dur-
ing the 1960s did not reveal further cases (Warren et al., 1970) and
thus the conclusion drawn at that time was that P. knowlesi will not
affect humans and the ﬁrst case was just a rare incident. However,
laboratory studies carried out then also revealed that monkey to
human transmission through mosquito bites can take place (Chin
et al., 1968; Contacos, 1970).
About four decades later, Singh et al. (2004) reported 106
cases of P. knowlesi that were misdiagnosed as P. malariae and
in addition there were mixed infection of P. knowlesi and P. fal-
ciparum and P. vivax in Sarawak, Malaysian Borneo. Currently
knowlesi malaria has been reported from all countries in South-
east Asia with the exception of LAO PDR. (Jongwutiwes et al.,
2004; Zhu et al., 2006; Cox-Singh et al., 2008; Luchavez et al., 2008;
Vythilingam et al., 2008; Van den Eede et al., 2009; Sulistyaningsih
et al., 2010; Khim et al., 2011). Morphologically it is difﬁcult to
distinguish between the band stage of P. malariae with P. knowlesi
and the ring stage of P. falciparum with P. knowlesi (Lee et al.,
2009b). Using molecular tools to study the archival blood sam-
ples from patients in Sarawak obtained more than a decade ago
(in 1996) demonstrated that P. knowlesi was occurring there for a
long time and was not detected (Lee et al., 2009a). Further studies
on blood samples from macaques and the analysis of the mito-
chondrial DNA showed that P. knowlesi underwent a period of
population expansion estimated to about 30,000–40,000 years ago
(Lee et al., 2011). Studies in Thailand have shown that P. knowlesi
occurred in humans more than a decade ago (Jongwutiwes et al.,
2011).
When the human case was detected in 1965 in peninsular
Malaysia, studies were also conducted to elucidate the host and
the vectors. This led to many new simian malaria parasites being
described (Eyles et al., 1962a,b). P. knowlesi was found in Macaca
fascicularis, M. nemestrina, and Presbytis melalophos.
Detailed studies on vectors of simian malaria were also con-
ducted in peninsular Malaysia in the 1960s. In the coastal man-
grove swampareas of Selangor,Anopheles hackeri was incriminated
as the vector of P. knowlesi (Wharton and Eyles, 1961). However,
this species of mosquito was found biting only monkeys. None
came to bite humans. In laboratory studies A. hackeri was able
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to transmit ﬁve species of simian malaria namely P. cynomolgi, P.
inui, P. coatneyi, P. ﬁeldi, and P. knowlesi (Warren and Wharton,
1963). Extensive studies were carried out using monkey baited
traps on platforms among foliage of trees at different heights.
Detailed records of the vector distribution and studies has been
published (Vythilingam, 2010). In the area where the ﬁrst case was
found in Bukit Kertau Pahang, peninsular Malaysia, A. introlatus
and A. latens were obtained from the forest but not in the village
(Warren et al., 1970). In the sixties sincemolecular techniqueswere
not available, in order to conﬁrm species of sporozoites they were
inoculated into rhesus monkeys.A. balabacensis (=A. cracens; Sal-
lum et al., 2005a) a vector of human malaria was incriminated as
vector of P. inui (Cheong et al., 1965).
Lymphatic ﬁlariasis is caused by three species of parasites
namely Brugia malayi,W. bancrofti, and to a lesser extent B. timori.
AlthoughAsia has an estimated total at-risk population of 68% for
LF, it is by far the most important region globally in terms of num-
ber of active ﬁlarial infections, contributing approximately 59% of
the world’s burden distributed over 15 countries (Manguin et al.,
2010). More than 70% of the LF cases occur on the Indian sub-
continent, particularly India, Bangladesh, Maldives, Nepal, and
Sri Lanka (Manguin et al., 2010). Migrant workers from these
countries go to work in neighboring countries and there is every
possibility that microﬁlariae will be brought along with them.
Rural strain (present only in very remote rural areas of peninsu-
lar Malaysia in rural villages of Sabah and Sarawak) of W. bancrofti
is present in Malaysia but the urban strain is not common (Mak,
1981). Attempts by workers to establish patent infection of W.
bancrofti in animals have so far been unsuccessful. However, Cross
et al. (1974) and Dissanaike and Mak (1980) were able to recover
adult worms from experimental infections in Taiwan Monkeys
(M. cyclopis) and M. fascicularis respectively. They found gravid
femaleswith activemicroﬁlariae in the uterus but nonewere found
in the blood.
Unlike malaria where only few species of the Anopheles genus
are vectors, vectors of ﬁlariasis belong to species of six mosquito
genera, such as Aedes, Anopheles, Culex, Downsiomyia, Mansonia,
and Ochlerotatus, in the Southeast Asia region (Mak, 1987).
VECTORS OF SIMIAN MALARIA
Although simian malaria was known to occur in the forest of
Southeast Asia way back in the 1960s not much is known about
the vectors except in Malaysia. The mosquitoes incriminated as
vectors belong to the Leucosphyrus group (Wharton et al., 1964)
and it was noted that simian malaria parasites developed poorly
in the subgenus Anopheles. In India, A. elegans now known as A.
mirans (Sallum et al., 2005b; also a member of leucosphyrus gr)
was incriminated as vector for simian malaria P. cynomolgi and P.
inui (Choudhury et al., 1963).
Theﬁrst simianmalaria vector tobe incriminatedwasA. hackeri
and ﬁve species of plasmodia were isolated namely P. knowlesi, P.
coatneyi,P. cynomolgi,P. ﬁeldi, andP. inui (Wharton et al., 1964).A.
hackeri was found mainly in the coastal area and was not attracted
to humans. It was also found in Southern Thailand and in the
Philippine islands of Balabac and Palawan (Sallum et al., 2005a)
but its role as vector of simian malaria in those areas have not been
investigated.
Within the Leucosphyrus complex,A. latens was incriminated as
vector of P. inui in the hill-forest feeding mostly at the canopy level
(Wharton et al., 1964). A. introlatus was incriminated as vector for
P. cynomolgi and P. ﬁeldi and it rarely feeds on man (Wharton
et al., 1964). While in the northern part of peninsular Malaysia A.
cracens (=A. balabacensis=A.dirus B) was found infected with P.
cynomolgi andP. inui (Cheong et al., 1965). Laboratory studies also
showed that A. cracens was a much better vector of malaria para-
sites compared to other species since 77% of them were infected
(Scanlon, 1968).
Recent studies carried out in Pahang incriminated A. cracens to
be a vector of P. knowlesi (Vythilingam et al., 2008). Early studies
showed A. cracens to be strongly exophilic and exophagic, they
avoid contact with sprayed surfaces and contact with humans take
place away from the dwellings. The peak feeding was not long after
dusk (Scanlon, 1968). After many decades it shows that A. cracens
has not changed its behavior and in our study we found that it does
not enter houses and starts biting humans around 19:00–20:00 h.
It also shows preference to bite humans compared to macaques,
ratio being 2:1 (Vythilingam et al., 2008).
Besides Malaysia,A. cracens occurs in Indonesia (Sumatra) and
Thailand (Sallum et al., 2005a). However, their vectorial status
in these two countries remains unknown. Currently only the A.
leucosphyrus group has been incriminated as vectors of simian
malaria. In Kapit, Malaysian Borneo, A. latens has been incrimi-
nated as vector of P. knowlesi (Vythilingam et al., 2006; Tan et al.,
2008) and four simian malaria parasites namely P. inui, P.coatneyi,
P. ﬁeldi, and P. cynomolgi (Tan, 2008). A. latens has shown differ-
ent biting times in the forest and farm. In the forest, they are early
biters, peak being between 19:00 and 20:00 while in the farm the
peak is 01:00–02:00 h (Tan et al., 2008). A. latens was the predom-
inant species coming to bite both humans and macaques in the
forest.
In other parts of Southeast Asia, besides Malaysia, vectors have
been elucidated in Vietnam. Studies have shown A. dirus to be
the main vector of P. knowlesi (Nakazawa et al., 2009; Marchand
et al., 2011). The most interesting part of their study was that
mixed infection with human malaria and P. knowlesi parasites
were found in A. dirus. This could be due to the fact that malaria
parasites are still circulating in the human population living in the
forested areas. In Malaysia although mixed infection of knowlesi
malaria and other human malaria were found in patients,we never
obtained such mixed infection in mosquitoes. This could be due
to the fact that our study was conﬁned to two areas in Pahang
where human malaria has been eliminated and thus mixed infec-
tion could not be detected. Perhaps more extensive surveys need
to be carried out in areas where mixed infections of human and
simian malaria parasites are being found.
Anopheles dirus is the vector of human malaria in Thai-
land, Cambodia, Laos, and Vietnam (Chareonviriyaphap et al.,
2000; Vythilingam et al., 2003; Trung et al., 2004; Manguin
et al., 2008) and it belongs to the Leucosphyrus group which
has its main distribution in the Oriental region (Harbach,
2004; Subbarao, 2007; Figure 1). In Thailand cases of knowlesi
malaria have been reported but the vector has not been incrim-
inated (Seethamchai et al., 2008). The main vectors of human
malaria in Thailand are A. minimus, A. maculatus, and A. dirus
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FIGURE 1 | Map of South and Southeast Asia showing distribution of an leucosphyrus group of mosquitoes. Insert showing the map of Malaysia.
Adapted from Sallum et al. (2005a).
(Chareonviriyaphap et al., 2000). However, recently A. dirus has
drastically decreased in abundance inmajormalaria endemic areas
of Thailand (Jongwutiwes et al., 2011).
VECTORS OF BANCROFTIAN FILARIASIS
The three variants of W. bancrofti found in human are recog-
nized by the periodicity of the microﬁlaria in the blood. It can be
nocturnally periodic, nocturnally subperiodic, and diurnal sub-
periodic (Mak, 1987). Species of mosquitoes belonging to the six
genera of mosquitoes listed above are vectors (Zagaria and Savioli,
2002). It has also been suggested that Southeast Asia may have
been the home of this parasite and may have been disseminated to
the other continents from here (Hawking, 1976). Thus,Malaysia is
vulnerable to the establishment of W. bancrofti in both urban and
rural areas because the migrant populations coming from ﬁlaria-
sis endemic countries work in both urban and rural areas such as
plantations. The vectors associated with these parasites are mainly
Anopheles mosquitoes in the rural areas and C. quinquefasciatus in
the urban areas. In Banggi Island (north-eastern Sabah,Malaysia),
A. balabacensis and A. ﬂavirostris have been reported as vectors of
malaria and Bancroftian ﬁlariasis and responsible for maintaining
holo- to hyper-endemic levels of both diseases (Hii et al., 1985). In
Sarawak (Malaysian Borneo), A. barbirostris, A. donaldi, A. letifer,
andA. latens (formerlyA. leucosphyrus A; Sallum et al., 2005a), are
considered vectors for malaria and Bancroftian ﬁlariasis (Chang
et al., 1995; Rahman et al., 1997). In Palau Aur (off the South-
ern State of Johore in peninsular Malaysia 2˚ 26′ 57oN 104˚ 31′
30˚E) A. maculatus has been incriminated as the vector of W. ban-
crofti (Cheong and Omar, 1965). A. maculatus is also the vector
of human malaria in peninsular Malaysia. With the decrease in
human malaria cases, and with an inﬂux of migrant workers, it is
probable that A. maculatus may develop into an efﬁcient vector
for bancroftian ﬁlariasis. This is based on evidence that majority
of mosquitoes that pick up mixed malarial and ﬁlarial pathogens
do not live long enough for the two parasites to reach the infec-
tive stage (Muturi et al., 2006). Culex quinquefasciatus is the main
vector of urban bancroftian ﬁlariasis in countries like India (Das
et al., 1992), Sri Lanka (Amerasinghe and Munasingha, 1988), and
www.frontiersin.org May 2012 | Volume 3 | Article 115 | 3
Vythilingam Plasmodium knowlesi and Wucheriria bancrofti
also Thailand (Triteeraprapab et al., 2000). Recent studies have
shown that the local strain (Malaysian) of C. quinquefasciatus is
susceptible to the Myanmar strain of W. bancrofti (Vythilingam
et al., 2005b). This species easily invades suitable habitats and once
established it is difﬁcult to control them. Due to changing ecolog-
ical landscape some species may have been displaced and suitable
habitats may have been created for others. Thus, more work is
needed to study the species composition of the mosquitoes so that
the bionomics, ecology, and epidemiological importance of these
vectors will be known.
CONTROL OF VECTORS OF SIMIAN MALARIA AND
BANCROFTIAN FILARIASIS
It has been accepted that insecticides treated bednets (IBN)play an
important role in the prevention of malaria. In Africa, it has been
shown that with the use of treated nets for every 1000 children
protected about 5.5 lives can be saved in children below 5 years
(Lengeler, 2004). In Asia and Latin America, it has been shown
that the clinical episodes of malaria have been reduced in areas
where there is low transmission of malaria and where the ento-
mological inoculation rate is below one. Control activities for the
control of malaria vectors, be it adults or larvae were always car-
ried out. For adults, indoor residual spraying (IRS) was conducted
using DDT at 2/gm2. With the use of IRS followed by cases detec-
tion and treatment, some countries like Singapore managed to
eliminate malaria and obtained malaria free status by WHO in
1983 (Goh, 1983). However, sporadic cases do occur from time to
time (Ng et al., 2010).
In Malaysia, anti-larval works for malaria control was actively
carried out starting during Watson’s time in 1921 and contin-
ued during the 1950’s. Malaya can claim the honor of being
one of the earliest countries in the world to have successfully
applied the knowledge of the mode of transmission of malaria
to its control (Sandosham, 1984). Many environmental mod-
iﬁcation techniques were applied to larval habitats to control
the breeding of the vectors. Subsoil pipes, automatic siphon,
environmental modiﬁcation techniques were some of the meth-
ods that were used so that Anopheles mosquitoes would not
be able to breed (Singh and Tham, 1988). These were perma-
nent measures that were used to reduce the number of breed-
ing sites. Earth drains were also maintained and these drains
were regularly sprayed with malaria GD oil and later with Abate
500E. However, in the hilly areas where A. maculatus was the
main vector, it was difﬁcult to reduce the number of breeding
sites.
Currently A. latens is the vector of knowlesi malaria in Kapit,
Sarawak (Vythilingam et al., 2006) and is also the vector of
human malaria in Sarawak (Seng et al., 1999). Thus, existing
control activities for A. latens should be able to reduce malaria
cases. However, the indoor:outdoor biting activity of A. latens
shows that they are more exophagic. In our study, infected mos-
quitoes were not obtained from the long house (where native
Sarawakians live; Tan et al., 2008). Thus, perhaps people were
getting infected either in the forest or in the farms where
they work.
In peninsular Malaysia,A. cracens does not enter houses to bite
(Scanlon and Sandhinand,1965) and thus the conventional IBNor
IRS will not work. These mosquitoes are also early biters and thus
people get bitten while outside their homes in the late evenings or
while carrying out forest activities or camping outdoors in forested
areas.
However, in Vietnam A. dirus has been incriminated as vec-
tor of knowlesi malaria and is also the vector of human malaria
(Nakazawa et al., 2009; Marchand et al., 2011). It has been doc-
umented that the use of IBN and treated hammocks have been
instrumental for the reduction of malaria cases (Thang et al.,
2009). Thus, this could be one reason why there are only a few
knowlesi cases in Vietnam. In Malaysia, existing control measures
(IRS and IBN) will not be able to control the vectors of knowlesi
malaria due to their exophagic and exophilic behavior. Also in
areas where knowlesi malaria is occurring people may have lost
their immunity since it is malaria free and thus easily prone to
the disease. Perhaps cross-species protection from the established
malaria parasites prevented the entry of P. knowlesi into the human
population (Conway, 2007).
Although vector control measures have been instituted for
malaria along with case detection and treatment, for ﬁlariasis it
has been mainly treatment and Mass DrugAdministration (MDA)
without any special vector control measures. Control measures
have not been instituted speciﬁcally for ﬁlariasis. In areas where
Anopheles spp. were vectors of ﬁlariasis, it was felt that control
measures instituted for malaria vectors will also control ﬁlariasis
vectors. In the same way where the Aedes mosquito is responsible
for dengue and ﬁlariasis, measures taken for dengue control will
also beneﬁt ﬁlariasis. In areas where Mansonia were vectors for
ﬁlariasis, very little has been done but with development many of
the breeding sites have been destroyed.
In Africa where A. gambiae is the vector for both diseases it
has been observed that with the Diethylcarbamazine (DEC) there
has been a reduction of ﬁlariasis and this led to the increase in
the infection rate of malaria parasites since the longevity of the
mosquito increased (Muturi et al., 2006). It has always been a
challenge that MDA alone will not be able to eradicate ﬁlaria-
sis and using vector control alone some countries, like Solomon
Island, has been successful in the elimination of ﬁlariasis (Bockarie
et al., 2009). In studies carried out in periodic B. malayi areas it
was shown that with DEC normal treatment regimen or single
dose treatment was able to reduce the prevalence of microﬁlariae
(Hakim et al., 1995). However, the infective bites per month of the
vector A. donaldi was higher after treatment, though not signif-
icantly different before and after treatment (Vythilingam et al.,
1996). This shows that perhaps not all people received treat-
ment due to inaccessibility of terrain. Thus, it would be ideal
to include MDA and vector control where feasible in a control
program.
OPERATIONAL ISSUES REGARDING ELIMINATION OF
MALARIA AND FILARIASIS
World Health Organization has now embarked on a global scale
to eliminate ﬁlariasis and malaria. Thus, countries are now gear-
ing up the activities to eliminate the two diseases. In Southeast
Asia, it has been shown that knowlesi malaria is zoonotic, poten-
tially fatal, and widely distributed (Cox-Singh and Singh, 2008).
Although in the 1960’s itwas thought that theﬁrst natural infection
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was a rare incidence, it was postulated that when human malaria
cases reach a low level, the possibility of human population being
infected with simian malaria parasites could be signiﬁcant (Chin
et al., 1968). It has also been argued that there is every possibility
that other simian malaria like P. cynomolgi and P. inui can also be
transmitted to humans (Baird, 2009). When malaria is eliminated
from a place, there lurks danger for simian malaria to be transmit-
ted to humans. This is currently occurring in parts of peninsular
Malaysia (Vythilingam et al., 2008).
Inmost areas in peninsularMalaysia, knowlesimalaria is occur-
ring in malaria free areas. This could be due to two reasons: people
have lost their immunity and secondly it is not possible to treat
the animal host and thus a pool of parasites is always available
for transmission to human host as long as the suitable Anopheles
vector is present.
Wuchereria bancrofti is responsible for 90% of all human lym-
phatic ﬁlarial infection. India alone accounts for 45.5 million cases
(WHO, 2010). In Southeast Asia, Indonesia has about 28.5 million
cases (Rusmartini and Yuliantina, 2008) and has both W. bancrofti
and Brugian ﬁlariasis. Filariasis has always been a neglected dis-
ease of the poor population with people getting infected during
childhood and showing the symptoms during later stages in life
(Witt and Ottesen, 2001). Cheap international travel and cross
border migration allows the parasites to be easily brought into
the countries, and with suitable vectors, it is possible for trans-
mission to take place. Studies have also shown that with MDA
there was a reduction in the prevalence of ﬁlariasis. However,
when MDA was stopped the cases slowly started to increase due to
the few that did not undergo treatment and harbored the micro-
ﬁlaria. Besides, since vector control was not carried out, it led
to the increase (Cartel et al., 1992; Esterre et al., 2001; Sunish
et al., 2002). Thus, multiple rounds of MDA in many coun-
tries did not achieve the predicted interruption in transmission
since vector control has not been implemented (Bockarie et al.,
2009).
As for the vectors there was also evidence where the same mos-
quito was able to transmit both ﬁlariasis and malaria pathogens
(Manguin et al., 2010). Studies have shown that co-infection with
both parasites was possible and sporozoites were found in higher
numbers in A. gambiae when third stage bancroftian larvae were
present but the survival rate of themosquitoes were lower inKenya
(Muturi et al., 2006). Other studies in Papua New Guinea have
shown that less malaria parasites will develop in mosquitoes with
ﬁlarial worms (Aliota et al., 2011), thus, there may be a possibility
that more cases of malaria will occur once ﬁlariasis is eliminated.
However, studies are needed in the Southeast Asia to conﬁrm if the
vectors will exhibit similar modes of infection as shown in Africa
or Papua New Guinea.
Predicting an outbreak is always difﬁcult. Control and surveil-
lance is always carried out after the outbreak and when many lives
are lost (Petney et al., 2009). Simian malaria in humans is life
threatening and mortality has been reported (Cox-Singh et al.,
2008; Barber et al., 2011). Thus, in the case of malaria at least after
a few lives have been lost, public health alert will be instituted and
the outbreak will be brought under control. It is very difﬁcult to
maintain surveillance system once it has been declared that the
disease has been eliminated. It needs a lot of commitment from
government bodies to have a proper surveillance after elimination.
While in the case of ﬁlariasis, the disease does not cause mortal-
ity and thus people who get infected will only know when they
have reached the incurable stage. By this time they would have
passed the infection to mosquitoes and silent transmission will be
on-going.
When Plasmodium parasites are host speciﬁc Anophelism
without malaria is possible, but with zoonosis, a pool of para-
sites will always be available and the elimination of the parasite
is not an easy task. With deforestation and changes in the envi-
ronment it is possible for new vectors to displace the established
vectors. One good example is A. maculatus which was the pre-
dominant mosquito obtained in malaria vector surveys in the past
in peninsular Malaysia (Sandosham and Thomas, 1983; Chiang
et al., 1991; Vythilingam et al., 1993, 1995; Rahman et al., 1997).
However, a survey carried out after the occurrence of knowlesi
malaria shows that A. cracens is the predominant mosquito and
was never reported previously from Pahang (Vythilingam et al.,
2008). How far A. cracens has spread within peninsular Malaysia
is not known. It may be possible that A. cracens followed the long
tailed macaques from the forest and have now colonized the vil-
lages. When these changes occur, the existing control measures
may not be sufﬁcient to reduce vector density due to exophagic
and exophilic behavior of the vectors. When such changes take
place, it is always important to study the mosquito fauna in that
area. Changes in land use can sometimes help in the reduction
of malaria. One good example is in Thailand where deforesta-
tion in the north-eastern part of the country led to a reduction
of malaria as A. dirus population was reduced since this mosquito
needs shaded environment for survival and reproduction (Petney
et al., 2009).
In Sabah, Malaysian Borneo, studies carried out in the Kin-
abatangan area showed that A. balabacensis was the main vector
for malaria (Hii et al., 1985). However, after two decades, stud-
ies carried out in that same area found A. donaldi to be the
predominant mosquito and was found positive for sporozoites
(Vythilingam et al., 2005a). A. donaldi is not an efﬁcient vector
like A. balabacensis. Currently what has been observed is that in
areas where human malaria cases have been reduced, knowlesi
malaria transmission is occurring in the population. In Kudat,
there was a major reduction in slide positivity rate and para-
site rate from 1990 to 1991 due to the establishment of primary
health care volunteers (Hii et al., 1996). Kudat is a coastal rural
farming area with minimal regrowth of forest and in 2009, 137
(87%) cases of P. knowlesi was diagnosed in that region and 24
(14%) occurred in children (Barber et al., 2011). Extensive studies
are needed to know the vectors involved so that control mea-
sures can be instituted where possible. Here is an example of how
reductionof humanmalaria and changes in landusehas thepoten-
tial to facilitate the transmission of knowlesi malaria to humans.
Thus, understanding the changes is critical for a control program
and also the information on vectorial capacity of the mosqui-
toes is important and should be included as a criteria in malaria
elimination.
Vectors too can change from being primarily zoophilic to pri-
marily anthropophilic. A good example isA. sinensis in peninsular
Malaysia which was primarily zoophilic and therefore has not
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been considered a vector (Reid, 1968). Currently in Singapore A.
sinensis has been the predominant species attracted to humans in
areas where malaria cases were reported (Ng et al., 2010). Due to
the changes in the behavior perhaps A. sinensis could be a vec-
tor for malaria. Changes in temperature also affect the lifecycle
of the mosquito and the parasite. It is known that an increase
in temperature shortens the lifecycle of the mosquito and also
the development of the parasite within it (Gage et al., 2008).
Thus, currently with an increase in temperature compared to ﬁve
decades ago, perhaps a smaller number of mosquitoes may be
more efﬁcient in disseminating the parasites since time taken for
the development of the infective stage is reduced.
Unlike the malaria parasite, the ﬁlarial parasite does not mul-
tiply in the body of the mosquito. It has been postulated from a
study in Rangoon that a person needs to be bitten 15,500 times
by infective mosquitoes before becoming positive (Hairston and
De Meillon, 1968). This is for W. bancrofti transmitted by C.
quinquefasciatus. However, 60 million cases are reported in Asia
and Southeast Asia (WHO, 2010) and majority being W. ban-
crofti. Extensive vector control will help to reduce the infection
rate and should be a priority in countries with large number of
cases.
In the ﬁlariasis elimination program it is important that the
surveys are properly carried out and that coverage of the popula-
tion should be adequate. Since vector control activities have not
been carried out in most countries, any person harboring the par-
asite or an immigrant with parasites entering the area can lead to
silent transmission as infection will not be known for many years
to come. The surveillance for this disease would be forgotten as it
is more of psychosocial problem (Ottesen et al., 1997; Dreyer et al.,
2000).
In Malaysia, currently more than 70% of the ﬁlariasis cases
are imported into the country (unpublished document). C. quin-
quefasciatus is susceptible to the W. bancrofti (Vythilingam et al.,
2005b). The migrant workers live both in the urban and rural areas
such as plantations and since vectors are present, the dissemina-
tion of the parasite to the local population is possible. This is also
of concern in Thailand where it has been reported that the preva-
lence of patent W. bancrofti infection in Myanmar immigrants
has prompted concern in the public health community that the
potential now exists for a re-emergence of Bancroftian ﬁlariasis in
Thailand (Triteeraprapab et al., 2000).
CHALLENGES FACING SOUTHEAST ASIA AND THE RISK OF
THESE TWO DISEASES
Naturally acquired cases of P. knowlesi have been reported from
travelers visiting this region as shown in Table 1. These people have
brought back the parasites to Australia, New Zealand, Europe, and
USA from Southeast Asia (Kantele et al., 2008; Mali et al., 2008;
Bronner et al., 2009; Figtree et al., 2010; Tang et al., 2010; Berry
et al., 2011; Hoosen and Shaw, 2011).
Thus, it has still not been established if human to human
transmission is taking place. However, it is very clear that cases
of knowlesi malaria can no longer be considered single episodic
cases but represent true health care emergency (Sabbatani et al.,
2011). This goes to show that travel to Southeast Asia can help
to spread the parasites to other countries. For example India has
Table 1 | Distribution of knowlesi malaria cases acquired from
Southeast Asia by foreign visitors
No Country of
origin
Place where contracted
the disease
Reference
1 New
Zealand
Sabah, Sarawak (Malaysian
Borneo)
Hoosen and Shaw (2011)
2 USA Palawan, Philippines Mali et al. (2008)
3 Finland North west of peninsular
Malaysia
Kantele et al. (2008)
4 Sweden Bario Highland, Sarawak,
Malaysia
Bronner et al. (2009)
5 Spain Forest areas of Southeast
Asia
Tang et al. (2010)
6 France Thailand Berry et al. (2011)
7 Australia Kalimantan, Indonesian
Borneo
Figtree et al. (2010)
common border with Bangladesh, Bhutan, Myanmar, and Nepal.
Of these Myanmar is endemic for knowlesi malaria (Jiang et al.,
2010) and the leucosphyrus group of mosquitoes are present in
India. Thus there will be ample occasions for the parasite to be
brought into India (Subbarao, 2011). Many countries may still
be unaware or do not have molecular tools to detect P. knowlesi
and thus this parasite may be silently spreading to the region and
beyond. It is important for visitors to know about the dangers of
getting infectedwhen they are out in the forested areas of Southeast
Asia. The most recent report includes cases from the south west-
ern border of Thailand with Myanmar (Sermwittayawong et al.,
2012).
As for Bancroftian ﬁlariasis, immigrant workers from endemic
countrieswill be able to bring the disease as they are not screened at
the point of entry. Perhaps now that elimination of ﬁlariasis is on-
going it would be prudent to have some surveillance mechanism
in place.
CONCLUSION
Although countries in the region are gearing toward elimination of
malaria and ﬁlariasis, emphasis should include a combination of
tools to control the disease and the vectors. It should also be noted
that the current control strategies for vectors may not be applic-
able or appropriate due to changes in vectors and their behavior
or changes in parasites. More studies should be carried out in the
region to establish if human to human transmission of knowlesi
malaria is occurring. Vectors of simian malaria throughout the
region should be identiﬁed so that appropriate control measures
and new strategies can be institutedwhere possible.Migrant work-
ers need to be screened for ﬁlariasis and it is important to establish
if silent transmission is occurring in areas where these migrant
population live in large numbers. Thus, vector studies should be
extensive and focused so as to provide evidence based solutions to
these emerging and complex vector borne diseases.
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